• Second part: The questions in this section allow us to understand the use of the garments by the dentist.
•
Third part: This section aims to better understand the desiderata of users for an 'ideal' workwear. It contains specific questions about the design of the gown (preferential collar and closure type, number and location of pockets, colour, preferred material and laundry care). The questionnaire ends with an open question: 'What is the ideal blouse for you?' It allows consumer to freely express their requirements about a good gown.
The questionnaire was distributed to the dentists via two channels: an online questionnaire was posted on social networks (Facebook, dental forum www.eugenol.com) and a paper questionnaire was directly mailed to the dentists' offices.
Results and discussion
As many as 208 dentists (58% men and 42% women) completed the questionnaire.
The results of survey showed that 59% of dentists choose a hip-length gown in cotton-PES blend (44%), in plain colour, often white (46%). It has V-neck (55%), two pockets (46%), short sleeves (95%), without closure (50%). No other garment is worn under the gown (70%). Dentists wear their outfit for one day (41%), and then wash it by themselves (82%). The washing temperature ranges from 60 to 90 o C (35%) with a laundry detergent (60%). Dentists dry their outfit by hang it out (52%) or by tumble dryer (30%). Of these dentists, 65% of them iron his/her gown before use. Workwear is renewed once per year (46%). It is chosen from a catalogue (54%) or from the Internet (35%) with price ranging between 40€ and 60€ (49%).
The results also list users' viewpoints related to requirements for an 'optimal' gown: it should be reusable (78%), without closure (43%) or with a pressure button on the front (41%). It should have a V-neck (53%), two pockets (46%), in 100% cotton (44%), no ironing (54%), and be available in multiple colors.
For the criteria of an 'optimal' gown, the answers were classified in 15 requirements. The level of importance of each requirement is shown in figure 1 . In general, note that comfort, easycare and aesthetic are the determinants of the dentists' choice. Protection and stain resistance are less required but were also considered important.
Consequently, the development process of a new gown will focus on an optimised combination of these criteria.
•
The 'Protection' criterion is based on the study of potential contamination areas on the gown.
• The 'Comfort' criterion is divided into two aspects: thermal comfort and ergonomic aspect.
• The 'Aesthetic' and 'Easycare' Criteria are based on the selection of design and fabric materials of the gown. and prices) [13] [14] .
The objective of this study is to develop a dentist's gown which meets the protection requirements and other criteria defined by the users. Therefore, a consumer study to evaluate how the users wear the garment and what are their expectations was carried. Technical solutions for a new design were developed with a strong involvement of the users in order to cater to the maximum of the desiderata.
Garments solutions and prototypes were developed iteratively in collaboration with the end users of the future products.
II. Product development process
This research was carried out including a series of following steps:
• Perform consumer study to determine requirements and expectations of the users for the new product.
• Carry out necessary studies on principal requirements in a way to improve the product.
• Propose new design; select the final appropriate designs considering user expectations
• Manufacturing samples and carrying out fitting test on users.
The sequences of this research will be presented in the following sections.
1. Consumer study on dentist's workwears
Materials and methods
Before improving or developing a product, a consumer study will greatly contribute to the whole process. Therefore, an over six-month survey was conducted in the Alsace region of France from April 2012 to October 2012. There were three goals of this survey. It determined what kind of dentist workwears are currently used, how they are used and what requirements are asked of an ''ideal' gown.
The results of this consumer study helped us to establish the profile of the gown currently used by the French dentists and have a better understanding of their expectations for a new workwear.
The questionnaire used for this study included three parts, with a total of twenty-three questions.
• First part: The questions in this section concern the design of the garments currently used by the dentists. 
The tests were carried out in working conditions at the Faculty of Dental Surgery, University Hospital of Strasbourg in France. The dentist offi ce was at a temperature of 25°C+/-2°C with humidity of 65%+/5%. The infra-red camera was installed in two positions: in front of and behind the dentists.
The volunteers included four dentists (two men and two women). The treatments that dentists performed on patients included tooth extractions, which require moderate physical movements with moderate-to-long treatment time in comparison to the majority of dental treatments.
Data analysis was carried out using the ThermaCAM Researcher version Pro 2.8 SR2 software and Microsoft Excel 2007.
We divided each gown into twenty-one zones (ten zones at the front of the gown and eleven zones at the back of the gown) ( Figure 2 ). The average temperature of these areas was measured and compared ( Figure 3 ).
The zones of heat accumulation normally have higher temperature than those of the other zones [18] .
In accordance with the various muscular efforts of dentists during the treatment procedure, six measurements for each area were taken at six different points of time ( Figure 4 ).
Protection criterion
During dental treatments, high-speed drills are used for drilling, cleaning and polishing teeth. Water used for cooling the highspeed drill is sprayed with oral fl uids, blood and debris. A previous study precisely defi ned that the chest zone and the upper part of both arms on the dentist gown will be splashed with the spray [13] [14] . It was concluded that these areas need more protection.
Therefore, we proposed using a type of protective fabric for the centre front position instead of a conventional fabric.
'Thermal comfort" criterion
Comfort is a subjective feeling, and among factors affecting comfort, the role of clothing is of utmost importance [15] [16] [17] . It can be associated with some objective parameters and instrumental measurements. In this study, comfort criterion will focused on two aspects: thermal comfort and comfort in movements.
Materials and methods
Due to the nature of their work, dentists perform many operations with high concentration under dental and scialytic lamps throughout the day, which may cause an increase in body temperature. The heat which is accumulated inside the clothes will be perceived by the human body as a source of discomfort [18] .
We have conducted a study in order to detect heating zones on the gown, thanks to an infra-red camera (ThermaCAM SC 3000-FLIR Industries) [19] .
Four different gowns in two sizes were used for tests ( Table 1 ). All of them have short sleeves. They were made of two different fabrics and have V-neck or Mao collar. The fabrics have the 
Results and discussions
As expected, there were no significant gender difference for the back and shoulders areas of the gown. With the same methods, we compared the temperature at each zone on each gown in every phase of the operation. The results allowed us to determine the location of the heating zones on each gown. We could also determine which gown retained more heat.
The final results showed that the heating zones predominantly located under the arm or around the shoulders at the front and back of the gown where the fabric is in contact with the skin and is heated by muscular movements. On the back of the gown, the air enters from the bottom and moves to the upper areas via the concave area of the spine where the production of heat is not significant. The body's movements diffuse the air to the scapular and mid-paravertebral zones, where it is blocked and heats up further.
Based on these data, we proposed using a breathable fabric at these zones as an exit allows the heat to escape. We added a further exit in the middle of the back in order to increase the fresh flow of air and to make practitioners feel more comfortable.
Ergonomic aspect

Materials and methods
Comfort in movement can be considered as a subjective assessment, but it can be associated with some objective parameters. In terms of ergonomic aspect, we concentrated on the movements of shoulders that consist most of dentists' manipulations. The garments had been worn and pressure measurements had been done using ultra-thin force sensors (Flexiforce A401) [20] .
The ergonomics between two common sleeve structures (classic and raglan sleeves) were compared.
Two gowns were used for the test. They have the same simple style (hip-length gown with V-neck, short sleeves), the same size (XL) and the same measurements. They were made of the same material (cotton). The difference between the two gowns is in the sleeve structure: one is classic sleeves and other is raglan sleeves. These sleeve structures were chosen for test because they are the most common in professional gown.
Two sensors have been glued under the gown and on either sides of shoulders ( Figure 6 ).
A volunteer dentist was trained to perform eight different body movements that are considered as the most common in dental practices ( Figure 7 ). Therefore, raglan sleeves are considered giving smaller forces on the upper body than basic sleeves.
Therefore, a raglan shape for the sleeves has to be selected for a better dynamic comfort of the shoulders.
'Aesthetic' and 'Easycare' Criteria
These criteria are implemented through the selection of fabric materials and design of the gown.
According to the consumer study mentioned earlier, we proposed a collection of new designs which answers the desiderata: reusable with hip-length, V-neck, short sleeves, two pockets and without closure. The collection was then sent to the dentist team of the Faculty of Dental Surgery of Strasbourg. A limited number of the most appropriate designs were selected based on the feedback from the dentist staffs. Two designs for samples were finally selected as in Figure 9 .
This new gown was composed of three different parts: a protective layer placed in the chest area to avoid contamination; a breathable layer placed in the back and in the armpits and a normal PET/cotton fabric for the rest of the gown.
• Protective layer: A triple-layer laminated fabric was placed in the front of the gown. This fabric consists of two layers in woven fabric and a microporous membrane of polytetrafluoroethylene (PTFE) in sandwich. This layer provides protection against liquid and infective agents with less impact on comfort.
• Breathable layer: A breathable mesh is proposed for heating zones on the gown. Its numerous closely spaced holes help to cool the body.
With each sleeve structure, the movements were performed with the same position, speed and intensity. The force applied on the sensors during the movements of the volunteer was recorded and analysed by the software 'LabVIEW'. Using the same methods, the signals of all movements were analysed. The final results showed that the forces on the shoulders of basic sleeves were generally found to be stronger than that of raglan sleeves (with seven out of eight movements were to be kept constant, a change in the level of satisfaction between the two gowns could only be the consequence of the gowns themselves.
Results and discussions
Each volunteer was asked to wear two models and perform tasks that present a medium level of difficulty (e.g. tooth extraction) and then complete a questionnaire. The questionnaire, designed for the fitting test, helped the testers evaluated objectively their satisfaction on specific criteria for each gown.
Three principal points were evaluated by the survey, including the effectiveness of the protection, the comfort level and the aesthetics level of the gown. Comfort was evaluated from the general thermal comfort to the comfort around the neck, as well as on the sleeves and with regard to the air regulation system. The PMV was equal to +0.76 on a scale going from cold (-3) to hot (+3). The PPD was 17.2% of dissatisfaction for the theoretical population with a tendency of being slightly warm.
As it is very difficult to directly ask the testers to compare the gowns without any bias, and to objectively analyse their evaluation based on subjective parameters, we chose to compare both gowns using an indirect method, whereby the level of satisfaction of each surveyed item was evaluated through the dissatisfaction index.
The data were analysed separately for each garment. The results of satisfaction for the two models were subsequently compared as shown in Table 2 and Figure 11 .
The results of the fitting test showed that the satisfaction of testers for the new gown was at least equal to or better than that for the reference gown. The new design leads to less dissatisfaction compared to that of the reference garment, especially in terms of comfort for movements, thermal comfort and protection. Comfort during movements is almost 5 times better with the new design and its thermal comfort is 33% greater. Thermal discomfort of both models is near the neutral point with a higher percentage of dissatisfaction than predicted with the PPD (17%), with a change demanded in favour of a colder situation.
The evaluation of the aesthetics shows no noteworthy difference.
• Main fabric: A normal 50% PET/50% cotton fabric was selected as the main fabric for the rest of the new dentist gown. The balance between two components in cotton and polyester gives this fabric a good mechanical strength (normally associated with easy-care in washing and ironing) as well as good comfort properties (associated with the cotton content).
Prototypes and fitting test
Materials and methods
The samples of new design were manufactured in different sizes (two sizes for women, three sizes for men).
The samples were evaluated through a fitting test in the consulting room under real working conditions at the University Hospitals of Strasbourg (HUS) during July and August 2013.
Twenty-five dentists participated in the fitting test.
The new design was evaluated by comparing it with a reference gown ( Figure 10 ). The reference (left) is the most common gown according to the consumer study (hip-length, cotton/polyester blend, V-neck, short sleeves). It was taken as a point of reference for the testers to compare with the new design in fitting test. Each gown was worn during one or two four-hour periods. The time needed for an evaluation was at least 30 minutes, meaning that the four-hour period was sufficient for the testeurs to make a good evaluation.
We evaluated the level of satisfaction of specific criteria for each garment. For that we prepared a survey designed to objectively evaluate personal feelings and perceptions of the users. This survey was made in accordance with ISO 10551:2001 standard [21] , whose initial purpose is to determine the impact of thermal environment on the satisfaction of a group of persons/workers. As part of this survey, we noted the temperature of the room at the beginning and at the end of each four-hour period.
Our hypothesis was that if there was a difference in the satisfaction measured in this environment where all parameters The overall architecture of the prototype with three specialised fabrics instead of only one was able to be validated, but some points can nevertheless be further improved, such as the length of the garment, the shape of the neck and the durability of the PES/cotton fabric used.
III. Conclusion and perspectives
Within the framework of this study, a survey on the expectations and requirements for a workwear of French dentists was conducted. Based on their feedback, we found out a solution which answers to the maximum of the desiderata.
Studies on the thermal behaviour and ergonomic properties of dentist gown (thanks to IR camera and force sensors) were carried out. They led us to a simultaneous combination of three functions: an effective protection in areas of risk of contamination, an improvement in thermal comfort with a dynamic heat ventilating system from dental practices movements and fi nally a maximised ergonomics thanks to raglan sleeves structure.
A new gown was created. It was composed of three different materials: a protective layer placed in the chest area, a breathable layer placed in the back and in the armpits and a usual PES/cotton fabric for the rest of the gown.
Through the fi tting tests conducted on 25 dentists working in real conditions and who were asked to compare a new gown and a classical dentists' garment, the new gown received positive comments. The results of wear testing via questionnaire validated the overall structure of the new garment. The tailoring of the gown was satisfactory for the testers. The evaluations confi rmed its strengths on ergonomic structure of sleeves and thermal comfort at the breathable zones. The protective level of the front of the gown was also validated. The complaints about the prototype were focused on the length of the garment.
Some points of the new design should be improved, such as the length of the garment, the shape of the neck and the durability of fabric used. For these reasons, a next sample (with an improved design as well as a better quality of PES/cotton fabric) has been developed at our laboratory and practical tests are currently ongoing. The latest gown is currently undergoing a patent procedure deposit.
Future developments on this gown are also expected, including the addition of new protective fabrics treated with high technologies (nano-coatings, micro-encapsulation, plasma treatments, etc.) [23] .
